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volume,	 porosity	 and	 elasticity.	 The	 control	 sample	had	 lowerest	 redness	 and	 greenness	 value.	 The	maximum	
hardness	 was	 found	 for	 bread	with	 20%	 brown	 flaxseed	 addition.	With	 the	 increase	 level	 of	 brown	 flaxseed	
addition	 large	cells	can	be	noticed	 in	crumb	structure	of	bread.	Samples containing 20% of flaxseed were rated 
poorest in taste,	texture,	overall	acceptability,	appearance. Our results indicated that brown flaxseed addition could 
be added to a typical bread formulation up to levels of 10% with a good overall acceptability offering promising 
healthy and nutritious alternative to consumers.	Between	bread	flour	characteristics	at	different	brown	flaxseed	
flour	substitution	 levels	principal	component	analysis	shown	significant	correlations	(p	<	0.05)	between	bread	
physical	characteristics	(loaf	volume,	porosity,	elasticity)	and	bread		overall	acceptability.	
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INTRODUCTION   
Flaxseed	 or	 linseed	 (Linum Usitatissimmum)	
is	 an	 oilseed	 rich	 in	 fat,	 protein	 and	 dietary	
fibre.	 It	 has	 two	 varieties	 namely	 brown	 and	
golden	 (Bernacchia	et al.,	 2014).	Brown	 flaxseed	
(Canadian	 origin)	 has	 an	 average	 fat	 content	 of	
41%,	 	protein	content	of	20%,	 total	dietary	 fibre	
of	28%,	moisture	content	of	7.7%	and	ash	content	
of	 3.4%	 (Ganorkar	 and	 Jain,	 2013).	 It	 is	 a	 good	
source	of	vitamins,	lecithin,	lignans	-	a	major	class	
of	phytooestrogens	(Vaziri	et al.,	2014),	minerals	
and	 antioxidants	 (Simopoulos,	 1991).	 Due	 to	
its	 composition	 it	 is	 a	 functional	 food	 ingredient	
because	 provide	 digestible	 proteins,	 essential	
amino	 acids,	 oil	 rich	 in	 omega-3,	 phenolic	 com-
pounds,	 dietary	 fibers,	 e.g.	 (Oomah,	 2001)	 that	
keep	human	healthy.	Utilization	of	flaxseed	as	food	
ingredient	may	be	associated	with			the	cholesterol	
reduction,	 diabet	 prevention	 and	 the	 decrease	of the cardiovascular disease due to its anti-
inflammatory,	 anti-oxidant,	 anti-carcinogenic	
activities	(Bernacchia et al.,	2014).
Brown	 flaxseed	 may	 be	 used	 in	 different	
products	 like	 salads,	 cereals,	 youghurt,	 soup	 or	
bakery	due	to	its	nutritional	characteristics	and	it	
pleasant	taste	and	flavour	similar	to	nuts	(Hussain	
et al.,	 2012) in	 order	 to	 increase	 its	 quality.	 In	
bakery	 products	 like	 bread,	 cookies,	 pancakes,	
muffins,	 pasta,	 bagles,	 e.g.	 different	 reserach	has	
been	 made	 regarding	 the	 influence	 of	 brown	
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flaxseed	 flour	 addition	 in	 whole	 or	 in	 it	 ground	
form	 in	 wheat	 flour	 on	 bakery	 products	 quality	
(Hussain	et al.,	2012; Manthey	et al.,	2002; Meral	
and	Dogan,	 2013; Muir	 and	Westcott,	 2000).	 On	
bread	 quality	 characteristics	 Meral	 and	 Dogan	
(2013)	 found	 that	 flaxseed	addition	 increase	 the	
specific	 volume	 for	 all	 the	 sample	 compared	 to	
the	control	one,	Terhi	et al. (2006)	found	that	the	
bread	softness	and	moisture	was	better	retained	
for	 the	 bread	 with	 flaxseed	 compared	 to	 the	
control	one	and	Marpalle	et al.	(2014)	found	that	
the	bread	crumb	softness	increased	with	increase	
in	 flaxseed	 level	and	obtained	 the	best	 results	at	
10%	flaxseed	addition	 from	the	sensory	point	of	
view.	
MATERIALS AND METHODS   




Cluj-Napoca,	 Romania.	 Both	 flour	were	 analyzed	
for	its	chemical	characteristics	(moisture,	protein,	










capacity.	 	 After	 all	 the	 ingredients	 were	 added	
the	 dough	 were	 kneading	 in	 a	 mixer	 (Lancom,	
China)	 for	 15	 minutes	 at	 200	 rpm	 and	 then	modeled and placed to the fermentation at a 
temperature	 of	 300C	 and	 85%	 RH	 for	 60	 min.	
Finnaly	the	samples	werebaked	for	30	minutes	in	
an	oven	(Caboto	PF8004D,	Italy)	and	then	cooled	
at	 room	 temperature.	 To	 the	 cool	 samples	 were	
determined	 the	 physical,	 color	 profile,	 textural,	
crumb	structure	and	sensory	properties.	
The	 bread	 physical	 properties:	 loaf	 volume	
(loave	 were	 determined	 using	 the	 rapeseed	
displacement	 method),	 porosity,	 elasticity	 were	
determined	according	to	SR	91:2007.
Colour	 of	 bread	 were	 analysed	 by	 Konica	
Minolta	 CR–700	 colorimeter.	 The	 colorimeter	
was	calibrated	using	a	standard	white	plate.	Color	values L*,	a*,	b*,	its	deviations	(∆L*, ∆a*,	∆b*)	and	
total	 color	 difference	 (∆E*)	 were	measured.	 The	
L*	 value	 indicate	 lightness,	 0	 for	 black	 and	 100	
for	white,	a	indicate	greenness	when	negative	and	





The	 fallowing	 textural	 properties	 of	 bread	
were	analyzed	using	an	texture	analyzer	Mark-10-
ESM301:	 hardness,	 cohesiveness,	 adhesiveness,	
viscosity,	 elasticity,	 gumminess,	 chewiness.	 The	
data	 interpretation	was	made	by	using	an	Mesur	
Gauge	 software	 of	 Mark	 10	 texturometer. The	
values	of	a	variety	of	primary	and	secondary	texture	parameters that results from one mechanical 
testing	 of	 food	 were	 analyzed.	 According	 to	 ISO	
standard	 11036:2007	 hardness,	 cohesiveness,	
adhesiveness,	viscosity,	elasticity	are	the	primary	
parameters	 of	 texture	 and	 gumminess	 (related	
to	 the	 primary	 parameters	 of	 hardness	 and	
cohesion)	and	chewiness	(related	to	the	primary	
parameters	 of	 hardness,	 cohesion	 and	 elasticity)	
are	the	secondary	parameters	of	texture.
The	 bread	 sensory	 characteristics	 evaluated	
were:	 overall	 acceptability,	 appearance,	 colour,	
flavor,	 texture,	 taste,	 smell,	 texture	 by	 using	 a	
panel	of	twenty	semi-trained	judges.	The	sensorial	
method	 used	 was	 the	 preference	 one	 with	 9	
point	 hedonic	 scale	 as:	 9-extremely	 like,	 8-like	
very	much,	 7-	 like	moderately,	 6	 -like	 slightly,	 5-	
neither	like	nor	dislike,4-dislike	slightly,	3-	dislike	
moderately,	 2-	 dislike	 very	 much,	 1-	 extremely	
dislike.
The	 statistical	 analysis	 was	 done	 using	
Microsoft	 Excel	 2007	 and	 the	 Statistical	 Package	
for	Social	Science	(v.16,	SPSS).
RESULTS AND DISCUSSION   




a	 low	 value	 of	 the	 alpha-amylase	 activity	 due	 to	
the	high	value	of	the	falling	number	index	(Codină	
et al.,	2012).	
The	 effect	 of	 brown	 flaxseed	 (BFS)	 flour	
addition	 on	 bread	 physical	 characteristics	 (Fig.	
1.)	shows	that	the	bread	loaf	volume,	porosity	and	
elasticity	 increase	up	 to	10%	and	 then	decrease.	
Even	 so	 the	 samples	 with	 addition	 of	 brown	
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flaxseed	 flour	 present	 higher	 values	 for	 this	
physical	characteristics	than	for	those	obtained	for	
the	control	 sample.	This	 results	arein	agreement	
with	 the	 results	 obtained	 by	 Meral	 and	 Dogan	
(2013)	who	found	that	up	to	8%	flaxseed	addition	
the	 specific	 volume	 of	 the	 bread	 samples	 was	


























Brown Flaxseed (%) L* a* b* ΔL* Δa* Δb* ΔE*
0 74,46 -1,87 13,35 38,64 -15,22 -0,87 41,54
5 57,76 1,74 12,42 20,94 -11,61 -1,80 24,01
10 56,34 2,30 12,28 20,52 -11,06 -2,45 23,43
15 54,15 2,66 12,12 18,33 -10,69 -2,10 21,32
20 50,86 3,11 12,21 15,04 -10,24 -2,01 18,31
CODINĂ et al.
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Image	 analysis	 (Fig.	 2) of the bread	 crumb	
structure	 shows	 that	 the	 crumb	 appear	 more	
compact	 in	wheat	bread	without	brown	 flaxseed	addition. This	 may	 be	 due	 to	 dough	 elasticity	
that	 allows	 cell	 expansion	 during	 fermentation	
which	 can	 retain	well	 the	 gas	 formed which	 did	
not	 coalesced	 during	 baking.	 At	 low	 levels	 of	
brown	flaxseed	addition	in	wheat	flour	the	crumb	
structure	 is	 also	 very	 compact	 even	 if	 brown	
flaxseed	 flour	does	not	contain	gluten	which	can	
retain	 the	gases	 formed	during	 the	 fermentation	
process.	At	high	levels	of	brown	flaxseed	addition	
the	 crumb	doesn’t	 seem	very	 compact	 and	 large	
cells	 can	be	noticed	maybe	due	 to	 the	gas	 losses	
a) Control sample b) Bread with 5% brown flaxseed flour
c) Bread with 10% brown flaxseed flour d) Bread with 15% brown flaxseed flour
e) Bread with 20% brown flaxseed flour
Fig. 2.	Crumb	structure	of	bread	samples
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3.	Maximum	hardness	was	 found	 for	 bread	with	
20%	brown	 flaxseed	addition	 in	agreement	with	
the	 results	obtained	by	Kaur	et al. (2013)	which	
consider	that	this	might	been	due	to	the	dilution	
of	the	gluten	proteins	due	to	the	addition	of	brown	
flaxseed	 in	 wheat	 flour.	 The	 gumminess	 and	





Sensory	 characteristics	 (Fig.	 3.) of the bread	
samples	shows	that	the	bread	with	brown	flaxseed	
addition	was	well	evaluated	up	to	a	level	of	10%.	For	
15%	and	20%	flaxseed	 level	 taste,	 texture,	overall	
acceptability,	 appearance	 received	 ratings	 lower	
than	 for	 the	 control	 sample.	 Colour	 was	 the	 best	
evaluated	 for	 the	 bread	 with	 5%	 brown	 flaxseed	
addition.	The	smell	was	very	well	appre	ciated	for	the	
bread	sample	with	20%	brown	flaxseed	addition.
According	 to	 the	 relationship	 between	 the	
bread	 flour	 characteristics	 at	 different	 brown	
flaxseed	 flour	 substitution	 levels	 (0,	 5,	 10,	 15	
and	 20%)	 produced	 by	 principal	 component	
analysis	 (Fig.	 4.)	 it	 was	 noticed	 that	 the	 first	
principal	 component	 PC1	 is	 strongly	 correlated	
with	 bread	 physical	 characteristics	 loaf	 volume,	
porosity,	 elastici	ty,	 with	 textural	 characteristic	
elasticity	 and	 its	 physical	 value	 (r	 =	 0.929,	 p	 < 
0.01),	 between	 sensory	 characteristics	 general	
appearance,	 overall	 acceptability	 and	 physical	
characteristics	(p	<	0.01).	The	second	component	
Tab. 3.	Effect	of	brown	flaxseed	flour	on	texture	properties	of	wheat	flour	bread






0 16,22 0,69 0,82 11,19 9,62
5 38,02 0,65 0,82 24,93 20,51
10 38,34 0,52 0,77 19,97 15,53
15 45,80 0,59 0,80 27,21 21,86









CONCLUSION   
This	study	shows	that	is	possible	to	incorpo-
rate	brown	flaxseed	 flour	 into	bread	 formulation	in order to increase its nutritional value and its 
tehnological	quality.	The	brown	flaxseed	addition	
affect	 bread	 physical,	 colour	 and	 it	 textural	 pro-
perties.	It	was	also	necessary	to	analyze	the	effect	
of	 brown	 flaxseed	 addition	 on	 the	 final	 bread	
sensory	 properties	 because	 if	 these	 aspects	 are	
not	 favourable	 then	 the	 bread	 enriched	 with	
flaxseed	 won’t	 be	 accepted	 by	 the	 consumers.	




Principal	 component	 analysis	 made	 in	 order	 to	
identify	the	bread	flour	characteristics	at	different	
brown	 flaxseed	 flour	 substitution	 levels	 shown	
that	 between	 bread	 physical	 characteristics	 and	
bread	 overall	 acceptability	was	 found	 significant	correlations.
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